photosynthesis, the process that is mainly responsible for controlling plant metabolism. These are probably Karl's most noteworthy pre-NIRS methods. But Karl's main interest lay in spectroscopy. He considered that every agricultural material should have its own particular spectrum. He considered that these spectral data could be utilized in a rapid method of analysis.
So much for his methods. Now we come to the results. Karl had determined that by rotating a filter through 90 , the effective signal would change by about 10%, so that three filters would provide a range of wavelengths. He built his own spectrometer, using tilting filters, and began to study agricultural materials. The most important wavelengths for many functional groups in the near-infrared area of the electromagnetic spectrum had earlier been documented by Kaye, 1 and Karl figured out that using a computer, with the spectral data as the independent variable it should be possible to predict the composition of an agricultural material by calibrating the instrument, using the laboratory-determined composition as the dependent variable.
His early interest lay with the determination of moisture content in soybeans. He used a discrete filter with optimum wavelength of 1940 nanometers (nm). His results were only moderately successful. It was revealed later that there is a strong protein absorption band at 1978 nm. There is about 10% moisture in ground soybeans, but over 40% protein, so the presence of the higher protein level probably caused the interference in accurate prediction of moisture content ( Figure 2 ).
All of Karl's work had been done on the raw NIR spectral data, and the principles of chemometrics had not been employed. He had been consulted by engineers from Neotec, a small Rockville (MD) company which was considering the development of an instrument that would measure the protein content of wheat. Neotec built, and began to market such an instrument for the rapid on-the-spot determination of protein content in wheat at grain elevators. On the advice of Karl, the Grain Quality Analyzer (GQA) as it was called, used a mathematical pre-treatment of the spectral data that was a precursor of the first derivative of the log 1/R. The GQA used three tilting filters. Karl's next work concerned the prediction of moisture content in flour. This was quite successful, but flour mills were reluctant to use a method that had not been officially approved or certified in the milling industry. The Canadian Grain Commission was the first major industrial consortium to employ near-infrared spectroscopy (NIRS) for the determination of protein content of their multi-billion-dollar hard red spring wheat on the basis of guaranteed protein content. Their acceptance of NIRS gave the fledgling technique instant credibility.
By now Karl had developed the concept of quotient mathematics, which meant the ratio of the spectral signal at a selected wavelength to that of another wavelength. He worked with both first and second derivatives, and found that second derivative worked best for him. During 1977, work completed at the Beltsville Agricultural Research Centre, Instrument Research laboratory verified that Karl's quotient technique was very effective for the prediction of the protein and moisture contents of ground wheat over an extremely wide range of particle size, and moisture content, although over the entire range of these two variables, the first derivative gave slightly more favourable statistics than did the second derivative. 2 Both Technicon and DICKEY-john used discreet filters as a source of wavelength in their NIR instruments. The tilting filter approach used by Neotec provided a range of wavelength that enabled the use of Karl's algorithm, and the U.S. Department of Agriculture made a purchase of 100 instruments from Neotec for use in their laboratories throughout the USA.
So much for the results. But what are the conclusions that can be drawn from an evaluation of the events of a lifetime of dedication, enthusiasm, and sheer brilliance? The first conclusion is that these three have combined to revolutionize the world of agricultural analysis, particularly of those commodities upon which thousands of grain farmers, world-wide, depend for their income. The second conclusion is the impact on the environment of an analytical technique that is chemical-free, and simple to operate. The third conclusion is that NIRS has opened the door of academia to reveal new spheres of research, into the spectral characteristics of agricultural and many other materials.
There are other conclusions that can be drawn from his works. But what about the man behind it all? The thousands of you who have sought knowledge from him will remember Karl as a man who would devote himself to you, and would make you feel that you were the most important person in the room, while you were in his presence. He gave freely of his vast knowledge and expertise, and few things gave him greater pleasure than that of knowing that he had helped you along the way. Those of us who have had the privilege of working with him for more than a few days will have observed some of the personal aspects of Karl Norris, the man. He was a warm man, with a subtle sense of humour, that would be expressed, sometimes at unexpected occasions. He enjoyed his regular poker gatherings with a group of colleagues. His wisdom and phenomenal memory had a tendency to spill over into those sessions! Outside of work he was a religious man, and took an active part in the community in which he and his devoted wife, Maxine, lived together for nearly 70 years.
But now he has left us, left us with a legacy that will persist. If I may paraphrase the last words of this dedication on those of Alfred, Lord Tennyson, 'It is better to have known him, and lost him, than never to have known him at all'. We will cherish our memories of him.
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